Abstract. The diurnal evolution of the sea/land breeze hodographs over the northeastern Adriatic coast has been examined for several episodes, each lasting a few days. A limited set of observations, as well as the results of a threedimensional nonhydrostatic mesoscale model are studied by applying a rotary-component method. This revealed a spatial distribution of the clockwise versus anti-clockwise rotation of the wind vectors for the sea/land breeze events. An application of the rotary-component method to the results of additional numerical sensitivity tests showed that the coastal topography height considerably influences both the shape of the wind hodographs and the sense of wind rotation. The method also displayed which areas are under a strong influence of the 24-h topographic forcing and which areas show a large wind consistency. A further analysis of the 24-h modeled wind hodographs at several selected stations has been performed, thus revealing the hodograph shapes and the reasons for them.
Introduction
The sea/land breeze (SLB) is a coastal mesoscale feature commonly observed throughout the world. Up to now, many studies analyzed various aspects of the sea breeze (SB) system at different locations, resulting in a considerable amount of SLB-related knowledge (e.g. Simpson, 1994; Grisogono et al., 1998; Miller et al., 2003) . These studies emphasized the SLB as a very complex phenomenon, encompassing the nonlinear interactions on several scales, from meso-β to micro-scale. Likewise, the mean diurnal behavior of the Correspondence to: M. T. Prtenjak (telisman@irb.hr) SLB along the northeastern Adriatic coast has also been a subject of several studies that used both the numerical and the climatological methods (Orlić et al., 1988; Lukšić, 1989; Heimann, 2001; Pandžić and Likso, 2005; Prtenjak and Grisogono, 2007) . Both approaches revealed some orographycally induced characteristics of the wind-field.
The northeastern Adriatic coast represents an example of a very indented shoreline with numerous islands and long and high coastal mountain ranges. This area covers the Istria peninsula, the mainland and the Kvarner Bay (Fig. 1) . The Istria peninsula is surrounded by the sea on three sides. Mild and wavy relief shapes rise up towards the central part of the peninsula, to reach their highest point in the northeast, on the mountain massifs ofĆićarija and Učka. Učka mountain has quite a few valleys and crossways; it stretches over the total length of 20 km, with the highest peak of 1396 m. Pula-airport (1) is placed at the tip of peninsula near Pula, the largest town of Istria. At the foot of the mountain of Učka, the town of Opatija (2) is situated on the western side of the Rijeka Bay, being the oldest and one of the most popular tourist resorts at the coast. Rijeka (3) is the largest town in the whole area positioned between the coast and the mountains of Risnjak and Snežnik. The town of Malinska (4) is located on the eastern side of Rijeka Bay, on the island of Krk in the Kvarner Bay. Krk is the largest island in the Adriatic Sea with an area of approximately 410 km 2 and the highest elevation of 569 m above sea level (m.s.l.). Kvarner Bay, itself, stretches from Opatija in the northwest to the island of Pag in the south and encompasses, besides Krk, the islands of Cres, Lošinj and Rab, which are in the immediate vicinity. The town of Senj (5) is the second largest coastal town in the selected region. It is situated between the sea and the slopes of V. Kapela and Velebit mountains (∼1600 m above m.s.l.) near the Vratnik pass. Due to complex topography, many channels can be found in the Kvarner Bay; we will point out only a few: Great Gate, which separates the island Published by Copernicus Publications on behalf of the European Geosciences Union. of Cres from Istria; Velebit Channel, which lies between the island of Krk and the mainland; and Senj Gate south from the island of Krk.
A numerical three-dimensional SLB simulation (18-20 June 2000) for the northeastern Adriatic coast (Prtenjak et al., 2006) revealed the formation of several small-scale phe- . The wind vectors are given at a horizontal resolution of 3 km, with a reference vector drawn near the upper right-hand corner. Black dots correspond to the automatic meteorological stations (numbers 1-5 in Fig. 1) . nomena e.g. the mesoscale eddies inside the Rijeka Bay and convergence zones above Istria and the island of Krk. The surface wind field is significantly canalized through Velebit Channel and also between Istria and the island of Cres, through Great Gate (Fig. 2) . Mesoscale eddies evolved inside the Rijeka Bay during 24 h as a result of topographic forcing. During the day, both the anabatic flow and the well developed SB that are caused by the coastal geometry and the terrain height resulted in the afternoon anticyclonic vortex inside the shallow stable marine boundary layer (Fig. 2) . The night-time cyclonic eddy developed due to katabatic flow from the surrounding mountains (not shown). Above Istria, the daytime merged SBs formed the convergence zone that moved eastward. Over the island of Krk, there is another orographically-induced convergence zone (Fig. 2) .
As it is well known, the usual sense of wind rotation on the Northern Hemisphere is clockwise (CW) due to the Coriolis force (Haurwitz, 1947) . Still, the anti-clockwise (ACW) wind rotation was reported for many stations around the world (e.g. Alpert et al., 1984; Kusuda and Abe, 1989; Steyn and Kallos, 1992; Simpson, 1996) . According to Kusuda and Alpert (1983) , the ACW rotation is possible only in the presence of a complex topography near the shore. The dynamical analysis made by Kusuda and Alpert (1983) and Steyn and Kallos (1992) showed that the wind rotation is controlled by the balance of forces in the horizontal momentum equation.
Along the very complex northern Croatian coast, the investigation of the observed winds for Malinska and Senj also indicated the ACW rotation (e.g. Orlić et al., 1988; Prtenjak and Grisogono, 2007) . Orlić et al. (1988) presumed that the ACW pattern of diurnal breezes at Senj station is connected with the alongshore pressure gradient. In a recent study by Prtenjak and Grisogono (2007) the observed wind hodographs have been examined for ten locations along the northeastern Adriatic coast: two stations with ACW wind rotation were detected out of ten observed hodographs, i.e. with a relative frequency of 0.2. Alpert et al. (1984) have considered the relative frequency of ACW rotation as a function of latitude on the basis of numerous observations and have compared it to the results of a simple analytical theory. From the complex shapes of the observed hodographs the first-order ellipses have been extracted by applying the harmonic analysis. Best agreement with the data has been obtained when performing analytical modeling under the following assumptions: (1) amplitudes of thermal forces in both horizontal directions are equal, (2) different phase shifts between the thermal forces in the full region <−180 • , 180 • > follow constant probability distribution, and (3) friction is equal to the angular speed of the Earth's rotation. The results imply that the relative frequency of ACW rotation in temperate latitudes typically falls between 0.3 and 0.4. Of course, particular values may be found outside these limits, due to the specifics of the coastline shape, topographic features and friction processes, but the basic control of the Coriolis force apparently favors the above-mentioned range.
The present study investigates the spatial distribution of locations with CW versus ACW behavior of the local wind vectors. Such spatial distribution will reveal parts of the coast that are under significant topographic influence, thus showing other locations with prevailing ACW rotation that are still unknown. For this purpose, the rotary-component method (Gonella, 1972 ) is applied to the simulated surface wind fields that are obtained by the three-dimensional nonhydrostatic numerical model for several real SLB cases (as in . The case that occurred on 18-20 June 2000, presented in Prtenjak et al. (2006) , is examined in more detail. To obtain some confidence in the model performance, the same method is applied to winds that were observed at five meteorological stations. In order to analyze the cause of the wind rotation in more detail, the rotary-component method is also applied to the results of sensitivity tests, where the terrain variations are removed as in . Finally, an additional analysis of the modeled wind hodographs at several selected positions has been performed in order to examine the smallscale local effects.
Methods and data

Rotary-component method
Rotary analysis of vector time series (e.g. of the horizontal wind, V =u x i+u y j ) aims to separate the vector at a specific Fourier frequency into two circular components, one rotating CW and the other one rotating ACW. The method is especially suitable in situations when, due to the Earth's rotation, asymmetric behavior at certain frequencies could be expected. Let (u xω , u yω )=(A xω , A yω )e 2π iωt be the Fourier component of a real, vector time series at a particular frequency ω. Then, omitting ω in the indices, we have (Gonella, 1972) :
where
, and the overline denotes the complex conjugate. The superposition of two circular motions (CW with radius|u + |, ACW with radius|u − |) results in the overall elliptical motion. The ellipse axes are |u + | + |u − | and ||u + | − |u − ||, while the orientation of major axis is given by θ. If |u + | < |u − | (|u + | > |u − |), the ellipse is traced in the CW (ACW) direction, while |u + | = |u − | results in the purely rectilinear back and forth motion. The variance (or the kinetic energy) at the considered frequency is proportional to|u + | 2 + |u − | 2 . Thus, the overall CW (ACW) motion implies that the CW (ACW) component is more energetic than the ACW (CW) one.
We are interested primarily in the SLB signal which should occur around the 24-h period and usually lasts only a few days. Thus, the analysis described above is applied to the 24-h harmonics that are extracted from both wind components separately by a least-squares fitting. Recalling that the variance of vector time series is simply the sum of component variances, the goodness of fit is determined as the quotient of the variance described by the fit and the total variance. In the case of a scalar time series this quotient equals the correlation coefficient squared, so we retain the same name here.
The shortness of the analyzed interval is overcome by using a set of SLB episodes. The time series related to several SLB episodes for a fixed geographic location may be considered as independent realizations of a stochastic process. For this case Gonella (1972) developed several useful quantities describing the average behavior of wind ellipses (<·> denotes the averaging over episodes): The positive, S + = |u + | 2 , and negative, S − = |u − | 2 , rotary spectra give the average variance contained in the CW and ACW rotary component, respectively. The coefficient of stability, 
Model overview and application
A description of the three-dimensional nonhydrostatic mesoscale meteorological model MEMO6 that is used in this work may be found in Moussiopoulos (1994), Kunz and Moussiopoulos (1995) , Klaić et al. (2002) , , . The model is widely utilized for simulations of coastal flows (e.g. Sandvik, 1998; Soriano et al., 2001; Caballero and Lavagnini, 2002) where it showed an ability to successfully reproduce various mesoscale phenomena (e.g. Klaić et al., 2002; . In the present work, the model domain has two coupled horizontal grids; the inner grid (100×100 km 2 with x= y=1 km) is nested into the outer one (240×240 km 2 with x= y=2 km), Fig. 1 . The chosen resolution of 1 km is fine enough to resolve a phenomenon such as SLB that develops on the scale of, for example, several tens of kilometers. It should mostly prevent the overlapping effect between the TKE parametization and the resolved boundary layer (e.g. Wyngaard, 2004) . For higher resolution than 1 km, it will become necessary to use a 3-D turbulence. The model top is at 8000 m in both domains. The vertical resolution that is applied here ranges from 20 m near the surface to 1100 m toward the top. The initial and the boundary conditions (wind and temperature) are prescribed from the ALADIN/LACE model (e.g. Bubnova et al., 1995; Ivatek-Šahdan and Tudor, 2004) at 12 km horizontal resolution. The boundary conditions are updated every 12 h during numerical simulations. The land-use data are taken from the Global Land Cover Database and the topography is derived from the GTOPO30 database. Seven land-use types are employed.
The model uses a one-way nesting technique in order to account for all relevant orographic influences on the flow field. The temperature and moisture at the surface are reproduced by the energy-and water-budget equations (Sandvik, 1998) . The surface temperature is calculated by a heat balance equation using a Newton iteration technique. The soil humidity is parameterized according to Deardorff (1978) , and the prognostic equation for the specific humidity is solved without condensation processes. The sea surface temperature is constant throughout the simulation. The turbulent diffusion terms, related to calculating the TKE, are treated via a simplified higher-order closure scheme (Moussiopoulos 1994; Kunz and Moussiopoulos, 1995) . The mixing length is given by Blackadar (1962) .
Data
Here, a well-studied interval (the A T1 case), as in , covering 18-20 June 2000 is further analyzed, as are three additional multi-day episodes: 25-27 June 1999 as the B T1 case, 6-8 September 1999 as the C T1 case and 25-27 June 2001 as the D T1 case (see Table 1 ). According to the surface and the upper-level analyzed meteorological fields over Europe, throughout the intervals examined only a weak synoptic forcing is present over the northeastern Adriatic coast. Under such sunny and dry weather conditions (a weak diurnal pressure variation, cloudiness <4/10 and landsea temperature difference greater than 3 • C), a complex SLB development is inevitable. The chosen periods are characterized by relatively low cloudiness, with absolutely no precipitation, and, therefore, only a minor influence of the moist processes on the mesoscale wind field is expected in our cases. To assess the effects that topography exerts on the mesoscale wind field, besides the A T1 simulation two sensitivity tests are also performed. According to the preceding numerical results , as described briefly in the Introduction, a natural choice was to examine the influence of islands and topography height on the wind field in more detail. Therefore, in the first test (A T2) the islands are replaced by sea surface, while in the second test (A T3) all terrain is replaced by a more homogeneous terrain with heights terminated at 10 m.
Results
Overall comparison
Meteorological stations along the northern Croatian coast ( Fig. 1 ) with hourly measurements of the near-surface wind are Pula-airport, Opatija, Rijeka, Malinska and Senj. These sites, as described in the Introduction, are representative of various geographical features. A number of additional stations, both meteorological and climatological (unsigned dots in Fig. 1 ), are utilized for overall comparison between the data and the A T1 results for 19 June 2000 (Fig. 3) . A good agreement is found between modeled and measured winds at 14:00 h (r speed =0.77 and r dir =0.76) and slightly less so at 21:00 h (r speed =0.73 and r dir =0.68). Slight overestimation (at 21:00 h in Fig. 3) is seen for the wind speeds lower than 2 m s −1 that are generally difficult to model (e.g. Mahrt and Vickers, 2006; Mahrt, 2007) . The reasons may be, for example, the constant sea surface temperature in the model, the smoothing of the model terrain, and the parameterization of turbulent fluxes during the night in the stable boundary layer, according to the Monin-Obukhov theory (e.g. . (Fig. 4) . The results for Pula-airport, Rijeka and Malinska show that the surface wind is well described by fitting the 24-h harmonic, the correlation coefficient squared ranging between 0.5 (Pula-airport) and 0.69 (Rijeka). This indicates that the diurnal wind regime is the dominating feature at these stations. The wind in Opatija is still reasonably well described by the diurnal harmonic, although the correlation coefficient squared of 0.39 suggests the importance of processes at shorter time scales. In Senj, a portion of the diurnal harmonic drops to 0.16, which means that during the interval examined, the SLB phenomenon is overwhelmed by the additional local and nonlinear processes. The reason can be the daily varying influence of air flow canalizing inside the Velebit Channel (Fig. 2) and the development of a bora wind. The SLB climatological study (Prtenjak and Grisogono, 2007) for Senj revealed somewhat unusual characteristics. The SB there is the shortest and the weakest of all stations along the northeastern Adriatic coast, achieving the maximal strength at 11:00 h local time. Moreover, the SB at Senj is twice weaker than the offshore flow, which itself is not a pure land breeze, since other mesoscale phenomena, such as bora, can contribute to the strengthening of the offshore flow. Figure 5 shows the ellipses corresponding to the 24-h harmonics for the analyzed interval for both the measurements (black) and the corresponding grid points from the model (A T1 case, grey). Thus, at Pula-airport and Rijeka pronounced CW rotation exist, while Malinska and Senj are characterized by a ACW rotation. Opatija is described by the highly polarized ellipse. In general, comparison between the measured and modeled diurnal 24-h harmonics -concerning the length of the ellipse axes -shows reasonable agreement. The correlation coefficient squared for the modeled 24-h harmonic is generally higher than for the measured one, ranging from 0.67 at Pula-airport to 0.86 at Opatija. Only in Malinska is the model correlation coefficient squared somewhat lower (r 2 =0.33), opposite to the measured 24-h harmonic. Presumably, the model is not able to fully capture all the measured wind variations that are caused by the local effects (e.g. building effects especially around the measurement site and the coastline irregularities -since Malinska station is placed in a small bay). Some of the observed variability may also have to do with other things, such as ill selected observation locations and poorly located sensors. Next, the rotary components of the surface wind are calculated for the A T1 case simulation at every grid point, thus revealing the spatial distribution of the wind rotation. Figure 6 depicts the 24-h wind ellipses and their sense of rotation for grid points at which the total variance explained by the 24-h harmonic is not less than 0.3. At first glance, we can observe several CW and ACW rotation regions. The coastal areas with the pronounced ACW rotation are the NW part of the Istria peninsula, the area betweenĆićarija and Risnjak mountains, the larger western part of the island of Krk, as well as the western part of the island of Cres and the mainland near Velebit Channel (Fig. 6, top) . Other parts of the northern Croatian coast are characterized by the CW rotation. Interesting enough, these results agree with the findings of Alpert et al. (1984) , who found that in temperate latitudes one-third of an area may typically be expected to have hodographs characterized by ACW rotation.
The sensitivity test A T2 shows topographical and geographical effects on the spatial distribution of both the CW and ACW rotation of the 24-h harmonic (Fig. 7) . In general, the correlation coefficient squared is higher at the majority of the grid points (especially in the hinterland) as compared to the A T1 case. This suggests that the wind blows more regularly during 24 h between land and sea, since the sea surface is more homogeneous in the A T2 case. According to , in this test some dynamical forms, such as mesoscale eddies in the Rijeka Bay, disappeared. The absence of islands prevented a modification of the SB from the Kvarner Bay. This resulted in a stronger daytime easterly onshore flow as compared to the A T1 case. It retarded more efficiently a daytime eastward movement of both the westerly SB and the convergence zone along the peninsula. Therefore, due to overall changes in the wind field, the Istria peninsula and Risnjak, as well as a large portion of the Kvarner Bay represent the areas with significant prevailing ACW rotation. Pula-airport is in the area of CW rotation, while the ACW rotary motion around Senj still exists. Opatija and Rijeka are in the area where ACW and CW rotations interchange. In the case of flat topography (A T3), the very marked CW rotation exists everywhere without exception (not shown). The coastline orientation itself has a smaller impact on the sense of the wind rotation, in comparison to the terrain that changes the wind veering considerably. Still, there is a correlation between the effects of the terrain and the coastline orientation, since the terrain follows the coast. This result confirms that some coastal parts are highly affected by the height of the coastal terrain and its orientation, since in the A T3 case both the coastal geometry and the synoptic conditions had been kept the same as in the A T1 case.
Average spatial distribution
The SLB pattern studied here lasts continuously for only a few days. The shortness of the analyzed interval is overcome by employing the numerical model on the set of SLB episodes. Therefore, besides the A T1 case, the same approach has been applied to the model outputs for B T1, C T1 and D T1 cases. As a final result, average ellipses of the 24-h harmonics were calculated for both measurements and model outputs and the average distribution of CW and ACW regions for four SLB cases is provided. In general, the averaged measured ellipses are reasonably well reproduced by the averaged modeled ones (Fig. 8) . The only discrepancy is observed at Opatija in the sense of rotation. While the model shows the CW rotation, the measured 24-h harmonic there displays the highly polarized ellipse with ACW rotation. Note, however, that a highly polarized ellipse implies that the sense of rotation is sensitive to small errors. The averaged measured and modeled ellipses are also similar to those in the A T1 case (compare Figs. 5 and 8).
The coefficient of stability for the measurements is large for all stations, ranging from 0.63 (Senj) to 0.97 (Malinska and Rijeka) and showing considerable wind consistence for a 24-h period. For simulated ellipses, the coefficients of stability depict very similar characteristics. The exception is Pula-airport with the coefficient of stability of only 0.05 for the modeled ellipses. Such a low value is due to the peculiar station location, which is significantly influenced by the convergence zone above Istria and its movement, which is generally eastward. In the four simulated cases, this site always displays CW rotation, the ratio between major and minor axis is similar, but the slope of the major axis varies significantly (not shown), resulting eventually in the low coefficient of stability.
In Fig. 9 , a wind consistency represented by the coefficient of stability is depicted as grey filled regions. The sea side slopes and channels (e.g. Great Gate and Senj Gate), as well as the western part of Istria peninsula show high wind consistency (the coefficient of stability >0.5). In contrast, a part of Istria and some parts of the island of Krk, which are under significant influence of the convergence zones , have a substantial variability due to the zones' daytime positions. The SW part of the open sea (top panel) is characterized by both the low variability of the wind and the ACW rotation. Averaged spatial distribution of the 24-h averaged wind ellipses, which is seen to be similar to the A T1 case alone, is characterized by several ACW areas: along the slopes of V. Kapela and Velebit mountain, betweenĆićarija and Risnjak, in the center of the island of Krk, around Malinska, and in some NW parts of the island of Cres. Also, as in the A T1 case, a large ACW area exists in the hinterland. Around Senj, the highly polarized ellipses are found, with the zone of ACW rotation being flanked by the smaller area of CW rotation. Opatija and Rijeka are in the CW region. A large part of Istria, including Pula-airport is characterized by the CW rotation (see also Fig. 8 ).
Model hodographs on 19 June 2000
In the previous section, the overall spatial distribution of the wind rotation is obtained, for the first time, by the rotarycomponent method. The areas with the prevailing ACW or CW rotation are detected, which was not possible from the measurements alone. Still, a finer diurnal SLB analysis can only be made by examining the whole 24-h wind regimes. Hence, particular attention is paid to the comparison between the hodographs obtained for the A T1 case on 19 June 2000, related to Pula-airport, Opatija, Rijeka and Malinska. The aim is to explain the basic local effects influencing the local wind dynamics at the considered stations. Senj is excluded here due to its low correlation coefficient squared related to the 24-h harmonic.
At Pula-airport (Fig. 10a) , both measured and modeled wind vectors, which are under the convergence zone's influence, rotate in the CW direction. Measurements show easterly wind blowing in the morning and a westerly wind in the afternoon. The modeled wind mimics the measurements with the largest difference seen in the afternoon when a southwesterly wind prevails in the A T1 case. In the A T2 test the wind is stronger around the noon and weaker in the afternoon, as compared to the A T1 case. During the nighttime the A T2 test shows only small deviations. The largest difference appears between the A T1 case and the A T3 one. In the latter the southwesterly winds blow for almost 24 h over Pula-airport because the convergence zone develops near the eastern part of Istria, far away from the station .
In Opatija the A T1 hodograph shows the behavior more regular than the measured one (Fig. 10b) . Comparing the morning wind speed in the A T1 case and the A T2 one, it is seen that the absence of islands increases the wind speeds. The larger speeds cause stronger advection of the cold marine air that is followed by the lower surface air temperature during the day. Due to the smaller land-sea temperature difference the wind speed decreases by ∼50% in the afternoon. Therefore, the length of the ellipse is smaller in the A T2 test as compared with the A T1 case (Figs. 6 and 7 ). An additional reason for the overall low wind speed is the absence of both the canalizing of the air flow and the mesoscale eddies near Opatija within the Rijeka Bay. The largest difference exists between the A T1 case and the A T3 test, with a pronounced CW rotation of the hodograph (Fig. 10b ).
In Rijeka, as already observed, both the measured and very similar A T1 hodographs have the CW rotation (Fig. 10c) . The hodograph for the A T2 test displays significant differences compared to the A T1 case. In the A T1 case the daytime mesoscale eddy with the CW rotation in the surface wind field forms inside the Rijeka Bay (Fig. 2) . A superposition between the eddy and the daytime onshore flow creates a more pronounced CW rotation in the A T1 wind than in the A T2 test. As for Opatija, the onshore flow in the A T2 test has a larger (by 25%) morning wind speed than in the A T1 case and smaller afternoon values. By removing the topography in the A T3 test the southwesterly SB is enhanced by the background wind without a nighttime offshore flow (Fig. 10c) .
Malinska is placed in the area where the prevailing ACW rotation of the measured and modeled wind exists (Fig. 10d) . This coastal station is influenced by two mesoscale features: the mesoscale eddy inside the Rijeka Bay and the convergence zone above the northeastern part of Krk (Fig. 2) . The numerical results show that the ACW rotation of the wind in the A T1 case is mostly due to the convergence zone, which is generated east of Malinska. Hence, the morning northwesterly winds are shifted eastward during the afternoon. In the A T2 test, since there are no islands, the hodograph depicts the wind rotation above sea surface: first ACW rotation and afterwards rather stationary wind behavior. Although the geometry of the coast is conserved in the A T3 test, the very low topography (≤10 m) is unable to generate the convergence zone above the island of Krk. In this case the hodograph shows only the CW rotation (Fig. 10d) .
Conclusions
A typical atmospheric boundary layer evolution at the northern Croatian coast is addressed here. The diurnal evolution of the wind hodographs in the area has been analyzed during several sea/land breeze intervals. For this purpose a limited set of observations, as well as the results of the three-dimensional nonhydrostatic numerical mesoscale model (MEMO6) are used.
The study is based on the rotary-component method, which has been applied to both observations and the numerical outputs related to four chosen cases. By this method a spatial distribution of the clockwise versus anti-clockwise rotation of the sea/land breezes was obtained. Several areas of the anti-clockwise rotation of diurnal wind exist, such as the pass between theĆićarija and Risnjak mountains, some NW parts of the islands of Krk and Cres, and the large part of mainland along Velebit Channel. This result is in agreement with the existing knowledge about the prevailing diurnal wind rotation at several stations examined in the area of interest. Furthermore, an application of the rotary-component method on the sensitivity tests showed more specifically which coastal areas, along with the corresponding thermal circulations, are affected by the coastal geometry and terrain.
The finer characteristics of the wind hodographs are explained using the measurements and numerical results. Particular attention is paid to the comparison among hodographs for one day, i.e. 19 June 2000, for both the chosen simulated interval and the two sensitivity tests. At Pula-airport and Malinska diurnal winds are connected with the convergence zones while Rijeka and Opatija are influenced by the slope winds. These results clarify hodograph shapes at the particular stations and the physical reasons for them. Therefore, the authors believe that the findings will help to design future experiments aimed at an understanding of a coastal phenomena that are deemed important in a densely populated area, such as the one considered here.
